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EFFECT OF VARIATION OF CHORD AND SPAN OF AILERONS ON HINGE MOMENTS
AT SEVERAL ANGLES OF PITCH

By B. H. Monisn

SUMMARY

the hinge moments of ailerons of various chords and spans
on two airfoils having the Clark Y and U. S. A. 27 wing
sections, supplementing the investigations described in
References 1 and 2, of the rolling and yawing moments
due to similar ailerons on these two airfoil sections.

The measurements were made at various angles of
piteh, but at zero angle of roll and yaw, the wing chord
being set at an angle of +4° to the fuselage axis. In the
case of the Clark Y airfoil the measurements have been
extended to a pitch angle of 40°, using ailerons of span
equal to 67 per cent of the wing semispan and chord equal
to 20 and 30 per cent of the wing chord.

The work was done in the 10-foot tunnel of the Bureau
of Standards on models of 60-inch span and 10-inch
chord, haring square tips, no taper in plan form or
thickness, zero dihedral, and zero sweepback:.

INTRODUCTION

This investigation was carried out in cooperation
with the aeronautics branch of the Department of
Commerce and the National Advisory Committee
for Aeronautics, for the purpose of furthering the
knowledge of the hinge moments of conventional
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3.5 inches in chord cut from the trailing edge. Each

This report presents the results of an investigation of ' 8ileron had a companion strip or filler block such that

. the two would fill the space in the wing and conform

-with the wing section to within +£0.02 inch. A metal

end plate, cut to the section used, fastened the fller
block to the wing and scted as a bearing plate for the
pivot at the outer end of the aileron, while small metal
straps sunk into the upper and lower surfaces of the
wing and filler block secured the other end of the filler
block. The pivot bearing at the inside end of the
aileron was carried in a piece of metal sunk into the
wing body in the case of ailerons of 20-inch span and
into the filler block in the case of ailerons of 10 and 15
inch span. Placing all the ailerons on the same wing
tip minimized the effect of twist in the tunnel air flow
mentioned in Reference 2.t

The pivots were made of steel and threaded through

| brass blocks set into the ends of the ailerons. By this

means end play was done away with and the gap

t between the inside end of the aileron and the wing body
; kept small.
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sections. Very little work on the hinge moments
of ailerons has been published, the most extensive
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being that of Irving, Owen, and Hankins. (Ref-
erence 3.}

DESCRIPTION OF APPARATUS AND MODELS

A description of the tunnel and models is given in
Reference 1, and the profiles and coordinates of the
sections are shown in Figure 1.

As it was necessary to modify the hinging of the
ailerons from the method used when measuring rolling
and yawing moments, it was decided to construct a
new set of ailerons rather than adapt the old. Figure
2 shows the scheme adopted.

All the ailerons were mounted on the right wing tip,
as this had a rectangular opening 20 inches in span by

$6300—32——10

F16URE L—Profiles and cocrdinates of Clark Y and U. 8. A. 27 wing sections

A metal sting ending in a small eye was placed in the
trailing edge of each aileron 10 inches from the outside
end to furnish a point of attachment for the balance
and counterweight wires.

Due to difficulties in construction it was necessary
to leave a slight gap between the aileron leading edge

‘and the filler block. An effort was made to smooth

over the crack while sealing the gap, so as to duplicate

1 After the completion of the work descrfbed in this paper and In References @
and 2, our attention was directed to some theoretical work deseribed in Reference 4,
which indicates that the combined results obtained by summation of tests on a single
slleron are not exactly the same as would be obtained by the use of two allerons
because of differences in the it distribution.
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conditions during the rolling and yawing moment tests.
Filling the cracks with & hard grease was found to be
impractical because of the added friction. A seal of
thin sheet rubber over the joint was also tried. When
both edges of the rubber were cemented the stretch of
the sheet added too much restoring force and when

Detail of pivot
ond bearing

¥ ~Sting placed 10"
from wing tip
on all allerons

FIGURE 2.~—Construction of saflerons for hinge moment messurement

NoTE.—For dimensioned sketch of model see N. A, C. A, Technical
Report No, 298, T '

only one edge was cemented the sheet fluttered exces-
sively. Finally it was decided to keep the gap as small
as possible and to seal it with a thin layer of petroleum
jelly. This jelly added no discernible friction and
made an effective seal. Since previous tests have
shown that a crack introduced little or no change as

Fi1cuRE 8.—Arrangement for hinge moment measurement

long as the gap was sealed (Reference 3), this method
is believed to be satisfactory.

Figure 3 shows the method of mounting the model
and of applying the restraining forces. The meode
was placed in the tunnel so that the leading edge of
the wing was vertical and secured in piteh, roll, and
yaw. Wires from the sting led on one side over &

pulley to a counterweight and on the other side to a
bell crank, through which the forces were transmitted
to a balance of the pendulum type. As motion of the
balance pan wauld displace the aileron from its setting,
an adjusting screw and pointer were provided to bring
the aileron back to the desired position.

"For all up-aileron measurements and for down-
aileron. measurements to an angle of pitch of 20°, the
balance and counterweight wires were kept normal to
the wind direction. For down-aileron measurements

“Wind direction

F1oURE 4.—Celculation of hinge moment from balance
pet T. Hinge momentw Th cos A’

at angles of pitch greater than 20° the balance wire
was Tun downstream at an angle of approximately
35° to the tunmnel axis, over a pulley, and out to the
bell crank, as indicated by dotted lines in Figure 3.
The counterweight wire was carried upstream in a
corresponding manner.

METHOD OF OBSERVATION

Observations were made at wind velocities of 40,
58.7, and 80 feet per second (respectively 27.3, 40, and
54.5 miles per hour). Readings were taken at a suffi-
cient number of aileron angles to determine the charac-

Tcos €=T~L-_§5

—  — T
Wind direction
A L

-\-gZT.sine

FIGURE 5.—~Error due to wire not being vertical. Hinge
moment=Th cos « cos A’} Tk sin «sin A’

teristics of the curves desired. The ailerons were sot
to the desired angle by means of the turnbuckle shown
in Figure 3, and the angle was measured by metal
templates applied to the model.

Motion of the balance pan which would allow the
aileron to move from its setting was compensated for
by an adjusting screw between the end of the bell
crank and the balance pan, a pointer and scale being
arranged for accuracy of adjustment. By this means
the bell-crank arm was kept level, eliminating any
error from this source.

REDUCTION OF OBSERVATIONS

The calculation of the binge moment from.the nel
reading of the balance is made with the aid of Figures
4,5,6,and 7. If the wires to the balance and counter-
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weight had negligible drag, did not stretch, and re-
mained normel to the wind direction, the hinge moment
would equal
Thcos &',
where T'=the net reading of the balance.
h=the chord of the aileron messured from the
point of attachment of the belance wire
to the pivot line of the aileron.
A’ =the angle between the wind direction and
the pivot-to-sting line of the aileron.

——
Wind direction.

F16TRE 6.—Correction for wire drag, D. Hinge
moment=(T— D {an A’} & cos A"

If the wire is not normal to the wind direction (fig. 5),
the hinge moment is given by the expression
T heos ecos A+ T h sin esin A’,
where 90°— e=the angle of the wire to the wind
direction.

T cos e=the component of the tension in the
balance wires normeal to the wind
direction.

h cos A’=the effective lever arm of the normal
component of the tension.

T sin e=the component of the tension in the
balance wire parallel to the wind
direction.

k sin A’ =the effective lever arm of the parallel
component of the tension.

T h sin esin A’ and the departure of cos e from unity

were made negligible by making ¢ small. This was
T4 A

s e =
Wind direction

FiGUre 7 —Correction for wire stretch
g (nearly}

§mpngular deflection caused unit load when aileron is
parallel to wind.

y=7 2
cos

accomplished by using a long balance wire and placing

the balance so that the deviation, ¢, with full aileron

movement was distributed equally in an upstream
and downstream direction.

If the wire drag is not negligible, the true hinge
moment (fig. 6) is given by the expression

(I'—D tan A') h cos A'.

where D=that part of the wire drag applied to the
aileron.

D bk sin A’ =the moment on the aileron caused by the
drag of the wires. This value is ex-
pressed as a correction to the measured
tension in the above formula.
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The wire drag is of sufficient magnitude to be car-
ried through the computsations. In computing the
part of the wire drag applied to the aileron, the drag is
sssumed to be uniformly distributed over that part
of the wire exposed to the air stream.

The wires will change length, or stretch, with in-
creasing load. The angular deflection (fig. 7) is
given with sufficient accuracy by the expression

7 TSA’

where v =the angular deflection due to the streteh of -

the wire.

5=the angular deflection due to onme umit of
load when the aileron is parallel to the
wind direction.

By using a steel wire of sufficient diameter this
deflection was made negligible for the forces encoun-
tered in this test.

For the measurement of hinge moments on down-
ailerons at pitch angles above 20° it was necessary

of aileron af a* afteron angle
M - o - w

=7"for USAS7

h = True afleron chord

h'= Leverar'm of farce T =hsinA\A
% .D =h ~ 4" %
= - . - . L =hcasd’

A=A't8. A=@+i,+r+

B = 35°6°(68 = 207, 357388 = 30°%), 36°14'(8 = 40%

Th'=M Dh™= Lh“=A4

Hinge moment, My =M"'+ M, - M,

Fioure 8.—Computation of hings moments for down aileron at high pitch angles

= “ -

to run the balance and counterweight wires at an
angle of approximately 35° to the wind direction, as
shown by the dotted lines in Figure 3. The resolu-
tion of the forces is shown in Figure 8. In this case
the lift component of the force on the wires must be
considered.
The expression for hinge moment is given as
’ ﬂ[g=ﬂ1—,+ﬂrfp—ﬂfz,
where Afz=the hinge moment.
A’ =the moment due to the net fension in the
balance wire.
AMp=1the moment due to the drag of the wire.
M;=the moment due to the lift of the wire.

and M’'=Thsin A.
Mp=D hsin A’.
Afp,=L h cos A'.
where A=the angle between the pivot-to-sting line

of the aileron and the balance wire.
=the angle between the pivot-to-sting line
and the wind direction.
D=that part of the wire drag applied to the
sting.
L=that part of the wire liff applied to the
sting,
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Values of the various angles for theset-ups used are
given in Figure 8.
All results are reduced to the usual N. A. C. A.
form of dimensionless coefficients as given below:
O 2
2 qeS
where Cp=the absolute hinge moment coefficient
for one aileron.
H =the hinge moment in pounds-feet.
¢ =1/2 p V2=0.001189 V2,
¢ =wing chord in feet.

S =wing area in square feet (chord length X
span).
V =wind speed in feet per second.

p =the density of air, 1. e., 0.002378 slugs per
cubic foot at 15° C. and 760 mm.
pressure.

A moment tending to produce clockwise rotation as
viewed from the pilot’s seat is regarded as positive.
All values for a single aileron refer to an aileron on the
right wing tip, and the values for the ailerons com-
bined are for the right aileron up and the left aileron
down.

RESULTS

HINGE MOMENT COEFFICIENTS FOR A SINGLE AILERON

Figures 9, 11, 17, and 19 show values of hinge mo-
ment coefficients for a single aileron plotted against per
cent aileron chord of wing chord, and Figures 10, 12,
18, and 20 the values plotted against per cent aileron
span of wing semispan. From the figures it can be
seen that the hinge moment varies roughly as the
square of the chord and as the span. For ailerons o
varying chord the rate of increase of hinge moment
with increasing chord is slightly greater for the U. S. A.
27 wing section than for the Clark Y, while for ailerons
of varying span the reverseis true. In general, the
moments are higher for the Clark Y section.

Zero hinge moment does not occur at zero aileron
angle, but at some upward angle whose value depends
on the angle of pitch, the size of the aileron, and the
wing section used. Figures 29 and 30 show this travel
of angle for zero moment for two ailerons on the Clark
Y section.

HINGE MOMENT COEFFICIENTS FOR COMBINED AILERONS

Figures 13, 15, 21, and 23 show values of combined
hinge moment coefficients plotted against aileron angle
for ailerons of varying chord, and Figures 14, 16, 22,
and 24 show values for ailerons of varying span. From
these it is seen that the hinge moment varies roughly
as the aileron angle. At zero degrees piteh the slope
increases at about 20° and decreases again when the
angle is greater than 30°. _These points of increase
and decrease are not present in all of the curves for 12°

pitch, most of the curves being concave downwards. :

The combined hinge moments also vary nearly as
the square of the chord and as the span, with the rate
of increase with increasing chord greater for the U. S. A.
27 wing section, and the rate of increase with increasing
span greater for the Clark Y section.
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In general, ailerons on the Clark Y section give a
greater hinge moment coefficient than on the U. S. A.
27, the difference varying with the pitch angle and the
size of aileron used. _
VARIATION OF HINGE MOMENT COEFFICIENTS WITH ANGLE OF

PITCH

Flgures 25, 26, 27, 28, 29, and 30 show the effect of
angle of p1tch on lunge moments of two ailerons of
20-inch span by 2 and 3 inch chord on the Clark
Y wing. Figures 25 and 26 show individual values
and Figures 27 and 28 combined values plotted against
angle of pitch.

Figures 29 and 30 show individual values of hinge
moment coefficient for one aileron at various angles
of pitch plotted against aileron angle. The curves are
fairly smooth except at high angles of pitch, where
the curves drop suddenly in the neighborhood of 32°
up-gileron. Beyond 12°, increase of pitch has less
effect on the hinge moment.

CONCLUSION

In ‘general, the hinge moment of an aileron varies
roughly as the square of the chord and as the span.
The Clark Y wing section gave higher hinge moments
throughout then did the U. S. A. 27. The rato of
increase with increasing chord was higher for the
U. S. A. 27, and the rate of increase with increasing
span was higher for the Clark Y. An increase of the
angle of pitch beyond 12° had comparatively little
effect on the hinge moment except at large upward
displacements of the aileron, at which the hinge mo-
ment dropped abruptly, changing sign in one casc.

No conclusions are drawn in this report as to the

.most efficient aileron, as such conclusions would ncces-

sitate a study of the rolling and yawing moments in
addition to the hinge moments.
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TasLE L—CLARK Y WING SECTION—HINGE MOMENT

COEFFICIENT
Vi hord of afl of pitch of airplase, 0°; of attack of wi
Warso ot of gy, ol LU L il ' e o s o vt

(Note.—The values apply to either rigﬂht orlleft alleron; the signs refer to the right
eron,

AILERON SPAN 20 INCHES (67 PER CENT OF WING SEMISPAN)

Tasre II1—WU. 8. A. 27 WING SECTION—HINGE MOQO"
MENT COEFFICIENT

[Varying chord of aileron. Angle of pitch of afrplane, 0°; e of attack of win
-+4°; angls of yaw, 0°; angle of roﬂ. o°] angl &

[NoTE.—Ths values apply to elther ax&zht rf]t left afleron, the signs refer to the right
ero

ATLERON SPAN 20 INCHES (67 PER CENT OF WING SEMISPAN)

u
Afleron chord 1.3 inches (15 per cent of | Afferon chord 2 Inches per cent of
wing chord) : d,

Afleron chord 1.5 inches (15 per cent of || Alleron chord 2 inches rdsw per cent of
wing cho

wing chor

’ Afleron | Afleron |Combined! . Afleron | Afferon |Comblned

up down values up down valaes
0° | —0.0007 [ —0.0007 0 0° | —0.0016 | —0.0018 [1]

4* —. 0003 —.0011 | --0.0008 4° ~—. 0008 —.0020 | 46.00:2
8° 5] —. 0014 . 0014 87 —. 0002 - .
+.0003 —.0018 002 [ 13° +.0005 — . 0038
16° . —. 0022 0028 | 18° . 0012 —. 0036 . 0048
20° .0010 —. 0028 .0036 | 20° . 0019 - . 0062
24° .0013 - 0042 [ H° 0023 —. G049 . 0074
.0016 —.003%3 L0049 | 38° . 0031 —. 0038 -0087
32° . 0019 —. 0037 .0056 |f 32° 0038 ~—. 0062 - 0068
35° . 0022 —. 0041 L0083 | 36° . 0041 —. 007 LO11%
400 . 0024 —. 0046 L0070 ] 40° .00la —. 0077 0128
us . 0028 —. 0052 L0078 || 44 —. 0084 . 0133

wing chord)
0 Afleron | Afleron |Combinedll , Afleron | Alleron |Comblined!
up down vahes ap down values
0° | —0.0002 ;| —0.0002 0 0° | —0.0000 [ —0.0009 a
4° . 0002 —.0004¢ ; -+0. 0006 4° -. 0005 —.0012 [ 40.0007
8 . 0005 —. 0008 . 8° 0 —. 0017 L0017
12° . —. 0010 007 12¢ +. 5 —. 0021 .002¢
18° . —.0013 . 0021 16° . 0010 - .0037
20° . 0010 —. 0018 . 20° L0017 —. 0033 . 0050
24° .0013 —. 0019 0031 [ 24° . 0023 - . 0062
8° . 0015 - 0037 H 28° .0029 -—. 0043 .0072
32 .0018 —. (025 . 0043 32° . 0034 - - 0080
36° .0021 —.0027 L0048 1 35° , .0030 —. 0049 .0088
40° . 0025 —. 0029 - 0054 40° 0043 - - 0085
44° . 0028 —. 0031 0039 4° . 0045 - .0101

Afleron chord 3 Inches (30 per cent of j| Adfleron chord 3.5 inches (35 per ceat of
wing wing chord)

Afleron chord 8 inches (30 per cant of [[ Alleron chord 3.5 inches (35 per cent of
wing chord)

’ Afleron | Afleron | Combined| P Afleron | Alleron ICombined
values

up down up down l values
0° | —0.0027 | —0.0027 | 0 0° | —0.0040 | —0.0040 E
© | —o04 | —o3e | teoo2s || © | —o022 | — 00577} 40.0035
g | —looor | —ooe2 o051 |t & | —. —. 0073
122 | 4.0012 |, —.0067 coore |f12e | +ogoli | —.0092 - 0103
16° 0027 | —loo84 . | 16° L0027 | —.0l .0
2" c00t4 | — 0099 ‘a4 [ 200 co01 | —oim | 0wz
2%° 0060 | —-o13 or73 | Mo J0077 | —.0148 -0220
28° J0075 | —.0125 o200 | 28° J0104 | — 0157 0261
I J00S8 | —.0136 .oz || 320 SmgL | —.0130 -g20L,
36° 0100 | —. 0144 @it || 360 .018¢ | —.0182 12
i L0110 | —. 0150 .50 || e — 0194 0834
i 0l19 | —.0155 L0z || e 0153 | —.0206 . 0358

wing chord)

P Afleron | Alleron |Combined ) Afleron | Afleron | Combined|

up down values up down valaes
0> | —0.0028 ) —0.0028 '] 0° | —0L.0M0 | —0.0040 0

4° —. 0018 —.! 40.0023 4° —. 0025 —. 0055 « | -0.0030
g — 04 | —. 0051 . 0047 8° —. 0012 —.0072 . 0060
1° +.0007 - . 0069 12° 0 —. 0089 . 0089
18° .0018 —. 0074 . 0092 18° . 0015 —. 0105 0120
° . 0030 - .18 0° . 0024 —.0120 . 0134
24 .08 - 0Lt || 24° . 0039 —. 0134 . 0203
28° . 0062 - .0171 29° .0001 —.0148 0237
32° . 0074 —. 0119 0183 32° . 01068 —. 0158 . 0264
36° - 0085 —. (125 . 210 36° L0 —. 0109 - 0288
40° . 0%95 —. 0131 0226 1 40° .0130 —. 0177 . 0307
44° . 0104 —.0135 . 0239 4° 0141 —. 0182 .0323

TasrLe II—CLARK Y WING SECTION—HINGE MO-
MENT COEFFICIENT

serying span of alleron. Angle of pitch of lane, 0°; angle of attack of wing,
v +4°; angle of yaw, 0°, of roll, 6°]

[NoTE.—The values apply to elther ﬁglm or]Ie[t afleron; the signs refer to the right
eron

AILERON CHORD 2.5 INOHES (25 PER CENT OF WING CHORD)

Tasre IV—U. 8. A, 27 WING SECTION—HINGE
MOMENT COEFFICIENT

arying span of afleron. of pitch of lane, 0°; angle of attack of wing,
v +44°; e of yaw, 0°; & of rall, 0°} ing

[Norx.—The values apply to elther ;&ght or left alleron, the signs refer to the right
eron]

ATEERON CHORD 2.5 INCHES (25 PER CENT OF WING CHORD)

Alleron span 10 inches (33 per cent of || Afleron span 15 inches (50 per cent of
wing semispan) wing semispan}

Afleron span 10 inches (33 per cent of || Afleron span 15 inehes (50 per cent of
wing semispan) wing semispan}

Afleron | Afleron ; Combined)| . Afleron | Alleron | Combined]
up down values up down values
—0.0000 | —0.0009 0 o° | —00018 | —0.0016 [1]
* -—. 0005 —.0013 . -+0.0008 4° —. 0010 —. 022 | 40.0012
8% | -—.0001 —. 0018 0017 8* —. 0002 —. s . 0028
12° -+.0003 —.0023 . 12° +.0004 ; —. . 0038
16° . —. 0029 0035 18° L0010 | —. . 0052
. 0009 —. 0036 . 0045 2° . 0015 - 0050 - 0065
24° .0013 - . 24° . 0022 - 0080
28° . 0019 —. 0048 - 258° . 0030 —. 0064 -~ 0084
32° . 0025 —_ <0074 \ 32° 0038 —. 007 . 0109
34 .0030 —. 0051 L0081 [f 36° <0048 —. 007 .0
40° . 0034 —. . 40° . 0053 - . 0136
44° . 0038 - . 44° . 0056 —. 0088 . 0144

’ Afleron | Afleron | Combinedf , Afferon | Afferon | Combined

up down values N up down values

o° | —0.0009 | —0.0009 [ ° | —0.0012 | —0.0012 [1]
40 —. 0006 - +40. 0007 4° —. 0007 —.0018 | -H0.0011
8 —.0003 —. 0017 - 0014 8° —. 0003 —. 0024 . 0021
12° 1] —. 0021 0021 12° +. 0002 —. 0030 . 0032
18° 4. 0004 - . 002¢ 16° . 0008 —. 0038 - 0044
20° . 0009 - .0038, || 20° -0013 —.0042 . 0055
b . 0014 - L0047 | 24° - 0020 —. 0048 . 0068
b . 0017 - .0053 | 28° .00zZr —. 0054 - 0081

g2° .0020 - .005e | a0 L0034 [ —. 0059 .
-36° 002 | — oo 3ec | looso | —looes ~o14
apP .0028 - 0072 [H40° ;0048 —. 0067 0113

440 . 0031 -—_ L0077 || 44° | . 0051 —. 0070 .

Alleron span 20 inches (67 per cent of wing
semispan)

P Adleron up mn Combined

o° —0. 0015 —0. 0015 0

4° —. 0005 — ++0. 0019

8° ~+.0004 - . 0038
12° . 0014 —. 0044 . 0058
18° - - . 0075
a0 . 0020 - . 0091
24° . - .0E12
8° . —. 0081 N
82° . 0064 ~. 0000 . 0154
36° . 0074 —. 0009 . 0173
40° . 0083 ~, 0107 . 0100
44° . 0092 -. 0118 . 0208

Adleron span 20 fnches (67 per cent of wing
semispan)

o [snonny | Agemn | compiaea
[1d —a.0012 —0. 0012
4° —. 0005 —. 0019 +0. 0014
8° 4. 0002 ~—. 0027 .
12° . 0000 —. 0035 . 0044
18° . 0015 — . 0057
20° 0021 - .
24° L0038 - 0088
28° 0037 - 0108
az2° . 0047 —. 0074 . 0121
38° . 0058 ~—, 0080 .
40° . 0087 —. 0084 . 0151
4° L0004 —. 0087 0161

et ——
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TaBLe V.—CLARK Y WING SECTION—HINGE
MOMENT COEFFICIENT ~

{Varylog chord or aileron. Angle of pltch ot af.r lane, +12° angle of attack of
wing, +16°; angle of yaw, 0° e of roll, 0°

[NotE.—The values apply to elther r;lﬁht or} left alleron, the signs refer to the right
eromn;

AILERON SPAN 20 INCHES (67 PER CENT OF WING S8EMISPAN)

Tasrg VIL—U. S. A, 27

REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

WING SECTION—IINGE

MOMENT COEFFICIENT

[Varying chord of aileron, A.ngle of piteh of airplane, +12°
+16°; angle of yaw, 0°; angle of roll

6 mxle of attack of wing,

{NoTE.—The values apply to either rlfillu; or l]ett atleron, tho signs refer to the right
- eron]

ATLERON SPAN, 20 INCHES (67 PER CENT OF WING SEMIBPAN)

i-g"i

Afleron chord 1.5 inches (15 per cent of |j Alleron chord 2 inches per eent of Alfleron chord 1, 5 es (15 per cent of } Afleron chord 3 inches per cent of
wing chord) wing ch ?0 . ‘s".j' vrlng chiord) wing chordsm
g Aflaron | Afleron | Combined}i - , Afleron il Alleron | Combined, P Afleron | Aleron |Combined§ , Afleron | Aflaron | Combined
up down values up . down values ‘ap down velues up down values
; .
@ | —0.0018 | —0.0018 0 ™ | —0.0035 i —0.0025 1] 0° | —0.0007 | —Q0007 ] 0 | —0.0018 | —0.0018 1]
4° —, 0014 —.0022 ; 4-0.0008 4~ —. 0020 —. 0031 | 4-0.0011 [ ~. 0004 —.0010 | -+0.0008 © —. 0013 —.0024 | -}-0.0011
8° —.0011 —. 0025 . 0014 8° —. 0014 —.0087 | .0023 [l —. 0002 —..0013 L0011 8¢ —. 0000 ~, 0030 .0021
12° — 0007 —. 0029 0022 jf ¥ — 0009 . —. 0042 . .0038 12° +. 0001 —. 0018 0017 12° —. 0002 —. 0038 . 0033
16° —. 0003 —. 0038 0030 i 16° —. 0008 —, 0048 . 0045 14° . 0004 —. 0019 . 0023 18° =+. 0004 —. 0039 . 0043
2€° 1] —. 0038 .0@ss | 20 -+. 0002 —. 0054 . 0056 20° . 0008 —. D22 .0028 {f 20° . 0009 —. 0043 . 0052
24° =+. 0003 —. 0040 L0043 || 20 . 0007 —. 0059 . 0068 24° . 0007 —. 0025 L0032 I 247 0014 —. 0046 m
28° . 0004 —. 0043 0047 | 28° . 0012 —. 0064 .0076 28° 0007 —. 0027 L0024 | 28° . 0018 —. 0040 .
82° . 0005 —. 0048 1Y of . 0017 —. 0069 . 0088 328 . 0008 — (29 L0037 | 32° . 0022 —. 0050 0073
36° . 0007 —. (0047 0054 : 34° . 0021 —. 0073 . 0094 38° .0010 — L0040 i 36° . 0026 —. 0032 .0078
40° . 0008 —. 0048 0056 ' 40° . 0025 —, 0076 . 0101 40° . 0013 - . 0043 £0° . 0030 —. 0053 . 0063
44° . 0011 —. 0045 0038 44° . 0028 —. (78 . 0106 44° 0017 —. 0028 L0015 || 44° . 0033 —. 00 . 0087
Adleron chord 3 inches (30 per cent of Aﬂsron chord 3.5 Inches (85 per cent of Afleron chord 3 inches (30 per cent of || Afleron chord 3.5 inches (35 per cent of
wing chord() wing chord) £o, .. wing chotds o wing chord)
P Afleron | Alleron |Combind -8 Alleron { Afleron |Combined, P Ajleron | Aflaron |Combinedll , Afleron | Afleron |Comblined
up down values up down. | values up down values up down values
0° | —0.0062 | —0.0082 0 ; —0.0080 | —0.0080 [' O ' 0® | —0.0050 | —0.0050 Q —~0.0076 [ —0.007% ; O
4° —. 0048 —. 0075 . | 4-0.0027 —. 0063 —.0088 ., +0.0085 ! 4° ~—. 0035 — 0066 | --0.0032 4° —. 0055 —_ i -0 0030
8° —. 0034 —.0087° .. (53 ]g —. 0046 —. 0113 . 0047 | g° —.0021 —. 0078 0057 8° —. 0038 - 0L10 . , 0074
12° —. 0018 —. 0009 .81 -—. 0028 —. 0128 .0008 | 12° ~. 0008 —. 0087 . 0079 12° —. 0017 —. 0134 ' L0107
16° —. 0008 —. 0109 L0108 || 1B —. 0009 —. 0137 0128 18° . 0004 —. 0006 0050 || 18° 0 - 0134 . 0134
2° | -+.0014 | —.0118 0182 yaon | 40011 —.0148 ~oue7 | 2° 0018 | —.Q102 018 [ 20° | 4.0018 | —.0i1 | 0156
24° L0030 | —.0125 L0186 [} B4Y L0088 | —.0165 L0188 Y L0028 | —.0108 L0136 || 24° L0038 | —.0147 0183
28° L0048 | —.QI31 L1 || e L0056 | —.0164 .0220 28° L0043 | —.p1l4 0157 || 28° L0056 | —.0151 ' o7
a° | o080 | —oi37 | lomer [l [ (oo | —oiva | Cozsl | [ {320 | Ceoss | —oms | .o 3w | oo | —owss | lomm
36° . 0071 —. 0142 .0213 | 36° . 0096 —. 0180 . 0276 | 36° L0071 —.p121 .0192 || 36° . 0092 ~. 0158 L0250
400 0079 | —. 0147 L0226 i 40° L0108 | —.0 - 0207 i° .0B1 | —.0128 L0204 { 40° L0104 | —.0180 . 0264
44° 0086 —. 01561 0287 | 4T Nl —. 01! . 0814 I 44° . 0089 -, 0124 . 0213 “° 0112 —. 0163 l . 0275
Tasre VI—CLARK Y WING SECTION—HINGE | Tapig VIII.—U. S. WING SECTION—HINGE

MOMENT COEFFICIENT
Varying span of aﬂeron. Ang]e of pitch of a[rplane, +12°, angle of attack of wing,

A, 27
MOMENT COEFFICIENT

v a:ying span of nﬂeron Anﬁe of

toh of alrplane, +12°0°alngle of attack of wing

°; angle of yaw, 0°; angle of roli, 0°] 6°; angle of yaw, 0°; angie of roll,
[NoTE.—The values apply to elther right or left afleron, the signs refer to the right | [Nore.—The values apply to either right or left afleron, the signs refor to the
alleronj - right afleron)
ATLERON CHORD, 2.5 INCHES (25 PER CENT OF WING CHORD} AILERON CHORD 2.5 INCHES (26 PER CENT OF WING CHORD}
Afleron 10 Inches (33 per cent of Aﬂeron span 16 mches (50 per cent of Aﬂemn span 10 Inches (83 per cant of || Afleron span 15 Inches (5¢ per cent of
spanwing semispan) wing semispan; wing semispan] wing semisapan)
. -
P Aileron | Afleron |Combined]| , Afleron | Afleron | Combined] ¢ | Alleron | Afleron |Combined; , | Aferon | Afleron |Combined
up down values v up down values 4 down values up down values
° | —0.0020 | —0.000 [J] “g° | —0.0032 | —0.0082 0 o« —0. QL7 | —0.007 0 ¢ | —0.0023 | —0. 0023 a
4° —. 0016 —.002¢ | -0.0000 4o —. 0035 —.0040 | 4-0.0015 4° —, 0012 —.0023 =+. 0011 4° —. 0018 —~. 0030 +. 0014
8° —. 0011 —. 0028 L0018 I 8 —. 0017 —. 0048 . 0029 8° —. 0007 —. 0028 0021 8° —. 0010 —, 0037 0027
1 12° —. 0008 —. 0038 . 0027 13": —. 6009 —. 0053 0044 12° —. 0003 —. 0032 0028 | 120 ~—. 0003 -, 0044 . 0041
i 16° -, 0002 —. 0038 . 0036 511*' —. 0059 . 0038 18° 1] —. 0036 . 0085 18° ~+. 0003 —. 0050 . 0053
j 20° | 4+.0008 | —. 0042 . 0045 +.0008 | —.0064 . 0072 20° | 4.0005 | —.0038 .0043 I 20° L0009 | —.0055 . 0064
24° . 0008 —. 0048 . 0054 2%4° . 0017 —. 0069 . 0088 24° . 0010 ~, 0041 . 0081 4° . 0015 —. 0059 0074
28° .0018 —. 0050 .0043 || &8° . 0024 —. 0074 . 0098 28° - 0015 —. 0044 0050 || 28° . 0021 —, 0062 . 0083
ar . (0018 —. 0054 .0072 |t 32° . 0032 —. 0077 .0100 32° . 0020 —. 0048 . 0068 f 32° . 0027 —, 0004 . 0001
36° 0022 —. 0059 L0081 || . 0037 -—. 0081 0118 38° . 0025 —, 0049 007 i 8g° . 0033 —. 0005 L0098
40° . 0027 —, 0062 0080 || 40° . 0042 —.0083 0125 407 . 0028 —, 0051 .0g7m8 ] L0 . 0040 —. 0004 L0104
44° . Q032 —. 0064 L0006 || #4°- . 00L5 -, 0083 0128 44° |_ .0030 —. 0063 .0083 } 44* 0047 . 0000 . 0107
Afleron span 20 inches (87 per cent of wing Afleron span 20 Inches (67 per cent of wing
semispan) semispan)
Afleron | Combined Afleron | Combined
6 Afleron up down values § o Afleron up down values
¢ | —0o0038 | —0 0038 0 *= ° | —0.0028 | ~00028 0
4 —0020 | —.0046 | 40.0017 © | —one | —omy | +.008
ge —.0020 | —.0054 L0034 . ® | —0 | —0045 . 0035
12° —. 0011 —. 0062 " 0051 13° [} —. 0052 .0032
16° | —.0001 | —. 0069 . 0068 18 | +.0008 | —0059 . 00CS
Lo +. 0002 -~ 0078 . 0083 20° . 0018 —. 0065 . 0081
T . 0019 =, 0081 . 0100 24° L0023 —. 0070 0093
28° . 0028 —. 0087 0115 8° . 0030 —. 0076 . 0108
32° . 0037 —. 0092 .Q129 8 . 0037 -, 0078 L0115
36° L0048 - 0142 38° . 0044 —, 0080 0124
40° . 0082 -~ 0101 .0153 . 40° . 0051 —. 0080 . 0181
44° 0059 . 0102 I . 0161 N “@° . 0058 —. 0078 0137




EFFECT OF VARIATION OF CHORD AND

Taere IX—CLARK Y WING SECTION—HINGE MO-
MENT COEFFICIENT

{Varying chord of aﬂeron. Angia of pltch of airplane, 120°; angle of attack of wing,
°; angle ot yaw, 0°; angle of roD, 0°]

[NoTE.—The values apply to either r!ﬁ:t or Jeft alleron, the signs refer to the right
eron

AILERON SPAN 20 INCHES (67 PER CENT OF WINQG SEMISPAN)

|
Afleron chord 2 inches (20 per cent of || Afleron chord 3 inches (30 per cent of
i H wing chord)}

wing chord)
1
i p
? Afleron l Afleron E(_'om.bi.ued,' P Afleron ; Afleron |Combined;
ap down l values ap down. values
g° | —0.0027 | —0.002¢ | Q . 0 [ —-0.00% | —0.0074 a
4 —. 0022 —0032 | +.0010 | 4° — 0064 —.0082 +.0018
§° —.0017 : —.00%7 . 0020 1 & —. 0054 —.009L .0037
12¢ —~.0012 : —.0041 | L0029 ) 120 — 0044 —. 008 . 0055
162 | —o00s | —oods | L0039 | 160 | —om33 | —o10@ .00
20 —. 0001 —.0048 . 0047 [ 20° —.0021 —.0120 .0099
247 -+.0005 —. 0052 0057 | 287 —. 0006 —.0128 .
%% | 0000 —.005%5 | .006 §26° | 40014 | —0181 | LOUT
32 0010 —. 0058 .0068 | 32° 0034 —.0187 017
36° .0009 —. 0081 L0070 [ 38° 0038 —. 0144 L0182
10° . 0008 —. 0064 L0072 |1 400 -0082 —.0151 0183
44° : - 0005 | —. 0067 - 0072 ; 44° . —. 0159 .82

[Varying ckord of aﬂeron_ A.ngle of pitech of mrplnne, +30°; aru;le of attack of wing,
+34°; angle of yaw, 0°; angle of rofl, 0°}

[No1E.—The values apply to efther rlghl. or Jeft alleron, the signs refer to the right
alleron;

AIL ERON S8PAN 20 INCHES (67 PER CENT OF WING SEMISPAN)

Alleron chord 2 Inches (20 per cent of Afleron chord 3 inches 80 per cent of
wing chord) wing chor

|
Afleron | Afleron | Combined] g Afleron Afleron | Combined,
op down values ap down values

LU T ETTEN
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g
|
...g....
EEEERERRRang
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B
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. Tapre IX.—CLARK Y WING SECTION—HINGE MO-
| MENT COEFFICIENT—Continued

! Varrlngchordo[nﬂaron. A.ngleof teh of alrplana, 4-40°; acgle of attack of wing,
! f °; angle of yaw, 0°; angle of roll, 0°]

[NorE.—The values apply to either right or %al: aileron, the signs refer to the right
afleron

' AILER ON SPAN 20 INCHES (67 PER CENT OF WING SEMISPAN]

Afleron chord 2 inches ém per cent of H Afleron chord 3 inches (30 per cent of

. wing chord) wing ch
[}
Afleron i Afleron | Combinedd , Afleron ' Afferon | Combined
up -f down values up | down values
|

0° | —0.0032 t —0. 0032 4] o* | —0.0089 , = 0058 Q

4° —.00Zr | —.0037 —+-.0010 4° —. 0080 ¢~ 007 +.0017

8° - 0022 —. 0041 L0019 8 -G, —.010¢ .0033
12° | —0017 | —.00i5 002 1 | —ooe | —.0u2 -00%0
16° — 0012 | —.0M0 L0037 16° —.0052 ! —.oue . 0087
20° —.0007 | —.0056 049 || 20° —. 0040 : —. 0126 . 0085
260 | —.0W1 | —.005 0053 ff24° | —OmET | —OI3 Q107
28" -.0003 i —. (055 .08 [f 28 —0016 ; —.QL138 L0122
2° .0008 - mm .0068 | 82° —.0001 ' —. 045 Nzey
3¢ T -o0ig [f 3e° L0084 | — 0157 -0
40° .02 m .00%8 40° .00 —.0163 Q1S9
4° . 0030 —.m . 0034 44° 0011 ! —. 0188 LO77T







LETTER OF SUBMITTAL

NarioNan Apvisory COMMITTEE FOR AERONAUTICS,
Washington, D. O., October 9, 1930.

GeNTLEMEN: The chairman of the committee on problems of air navigation in a letter dated October 24,
1928, to the subcommittee on instruments, requested that at the outset the subcommittee prepare and submit
a report summing up the present status of air navigation instruments, and include in the report the specific
recommendations of the subcommittee. In response to this request the subcommittee has prepared a report on
the Present Status of Aireraft Instruments, a copy of which is attached hereto.

In preparing this report it was believed inadvisable to limit the scope to & consideration of the class of
instruments ordinarily called navigation instruments, because the safe operation of an aircraft may depend as
well upon the satisfactory performance of other aircraft instruments. Accordingly the scope of the report was
enlarged to include the present state of development of aircraft instruments. The customary classification of
instruments is followed in the report, which contains sections on speed, altitude, navigation, power plant, oxygen,
and fog-flying instruments. The recommendations of the subcommittee are embodied in the sections on general
problems and summary of instrument and research problems. - The outstanding problems at the present time
are those relating to navigation in fog and to landing during fog and poor visibility. A satisfactory solution of
those problems will no doubt depend largely on the use and development of radio equipment and special
instruments. The other research problems which are outlined in this report relate mainly to the refinement
of existing instruments in order to secure greater accuracy and reliability, which may greatly increase safety
during flight.

On behalf of the subcommittee on instruments I have the honor to recommend that the attached report be
published as a Technical Report of the National Advisory Committee for Aeronsutics.

Respectiully,
SUuBCOMMITTEE ON INSTRUMENTS,
L. J. Bricas, Chairman.
Tee Execurive CoMMITTEE,
National Advisory Commitiee for Aeronautics, Washington, D. C.

(Through the committee on problems of air navigation.)
ORGANIZATION
SUBCOMMITTEE ON INSTRUMENTS

Dr. L. J. Briggs, Bureau of Standards, chairman.
Mr. M. S. Boggs, Aeronautics Branch, Department of Commerce.
Dr. W. G. Brombacher, Bureau of Standards.
Dr. Samuel Burka, Matériel Division, Air Corps, United States Army.
Mr. C. H. Colvin, Society of Automotive Engineers.
Licut. A. F. Hegenberger, Air Corps, United States Army.
Dr. A. W. Hull, General Electric Co. .
Mzr. C. W. Keuffel, Keuffel & Esser Co.
Mr. George W. Lewis, National Advisory Committee for Aeronautics.
Lieut. T. C. Lonnquest, Buredu of Aeronauties, United States Navy.
Mr. H. 4. E. Reid, National Advisory Committee for Aeronautics.
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